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As for many other laboratory model organisms, understanding of the ecological, evolutionary and
population genetic features that shaped the biology of S. cerevisiae is underscored by a wealth of
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Strain collection
The strains used in this study were obtained from winemaking environments in the Vinho
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knowledge on molecular and cellular biology, mainly obtained from a very limited number of
reference laboratory strains. In the last few years, yeast researchers developed a keen interest to
identify genomic variability between wild-type yeast strains from different ecological niches or strains
that are used for different technological applications. Phenotypic variation among wine yeast is well-
known among strains and was recognized by winemakers before being appreciated by geneticists.
The objective of the present study was to constitute a S. cerevisiae wine yeast strain collection for the
conservation of biodiversity, sustainable development of genetic resources and for the identification
of strains for biotechnological applications. The S. cerevisiae strains that constitute our strain
collection were obtained from grape varieties collected in the Vinho Verde appellation of origin in
Portugal. Grape samples were collected in consecutive years since 2001, from multiple sampling sites
of several vineyards at harvest time. A total of 2520 yeast isolates were obtained during 2001 – 2006,
and were assigned to 350 different strains based on genetic analysis by a set of highly polymorphic
Phenotypic tests
Phenotyping included the evaluation of 19 traits, characteristics used in yeast taxonomy [8] or
for wine yeast strain selection. Yeast cells were withdrawn from frozen aliquots (glycerol, 30%,
Carbon Sources
ucose
YNB (0,67% w/v) + 
carbon source
(2% w/v)
30ºC 22h 200rpm
Ribose
Arabinose
Saccarose
Galactose
Raffinose
Maltose
Glycerol
Potassium acetate
Nitrogen Sources
Peptone
YNB without nitrogen 
(0,67% w/v) + 
nitrogen source 
(0,05% w/v)
30ºC 22h 200rpm
Ammonium sulfate
Imidazole
Urea
Streess conditions
Growth in wines Vinho Verde wine 18ºC 3 weeks none
Growth in ethanol MS medium + ethanol(6% v/v) 18ºC 3 weeks none
Temperature MS medium 4ºC, 18ºC, 30ºC, 37ºC 42ºC
4ºC – 3 weeks
Others – 22h
4ºC – none
Others – 200rpm
Strain Selection
Due to the high number of strains, neural networks (Kohonen self-organizing maps) were
applied within the JATOON software package [7] to choose a genetically most diverse sub-
set of 103 strains based on microsatellite data. These were used for phenotypic screens and
data analysis.
er e eg on n or uga , w n our prev ous s u es re a e o . cerev s ae eco ogy an
biodiversity [1, 2].
Molecular identification
Isolated strains were analysed by mitochondrial DNA restriction patterns (mtDNA RFLP) [3].
Strains with identical mtDNA RFLP patterns were grouped and one representative strain was
further characterised by analysis of 10 S. cerevisiae specific microsatellite loci [4, 5]. The
equivalent discriminatory power of mtDNA RFLP and microsatellite analysis has been
previously reported [6].
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microsatellites.
v/v, at -80ºC), pre-inoculated in 10 ml of the culture medium to be used (Table I) and
incubated (24h, 30ºC, 200rpm). Cell density was determined (OD640) and adjusted to 1.0.
From this suspension, 15 µl were inoculated in 4 or 8 replicate wells of a 96-well microplate
containing 135uL culture medium, so that the final cellular density was 0.1 OD. Growth
conditions were used as indicated in the table .
,
Minho
Total
2001 2002 2003 2006
Nº of samples collected 36 18 36 84 174
Nº of spontaneous fermentations 19 12 23 30 84
Nº of isolates 570 360 690 900 2520
Due to the high number of strains (350), Kohonen self organizing maps were used to define a set of 103 genetically most
diverse strains for further phenotypic analysis, based on the microsatellite allelic combinations.
Each square represents a neuron containing a strain or a group of strains that share genetic similarity (microsatellite
alleles).
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Culture media containing
Growth (final OD640)
Range Average Taxonomy  [9]
Glucose 0,9-1,4 1,2 +
Ribose 0,1-0,6 0,2 -
Arabinose 0,1-0,5 0,1 -
Nº of S. cerevisiae strains 110 56 137 47 350
Percentage of S. cerevisiae among the 
total fermentative flora 100% 100% 100% 100%
174 grape samples were collected during  the harvest of four years in the Vinho
Verde Wine Region;
2520 S. cerevisiae isolates were obtained from the final stages of spontaneous 
fermentations and 350 S. cerevisiae strains were delimitated, based on 
mitochondrial DNA restriction fragment length polymorphism analysis.
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Microsatellite 
Locus
Nº of 
alleles Allele (nº of repeats)
ScAAT 1 43 1315161718192022232425262728293031323334353639404143474951535459
ScAAT 2 13 3 4 5 6 7 8 10111213141516
ScAAT 3 21 9 1012131415161718192021222324252627344955
ScAAT 4 19 6 8 9 10111213141516181920212223242627
ScAAT 5 5 1314151617
ScAAT 6 11 1314151617181920212328
C4 11 2021222324252627363741
C5 26 3 4 5 6 8 101112131415161718192021222324252628303134
YPL009 24 435153555758606162636566697071727376777980818289
ScYOR267 26 1922253031323335363739414243444647484950515253545558
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Saccarose 0,4-1,5 1,1 v
Galactose 0,1-1,5 1,0 v
Raffinose 0,2-1,2 0,7 v
Maltose 0,2-1,4 1,0 v
Glycerol 0,1-0,4 0,2 v
Potassium acetate 0,1-0,4 0,1 v
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e Peptone 0,6-1,4 1,3 +
Ammonium Sulfate 0,3-1,4 1,0 v
Imidazole 0,2-1,2 0,6 v
Urea 0,3-1,4 1,1 v
e
4 ªC 0,1-0,3 0,1
Allelic distribution
-0.1
0.0
0.1
0.2
0.3
0.4
0.5
0.6
-0.1
0.0
O
D 6
40
Strains
Strains
Arabinose
0.7
Wines (ethanol content 12 %  v/v)
Each of the 350 strains was further characterized by a set of 6 or 10 highly
polymorphic microsatellites.
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re 18 ªC 0,2-1,4 1,1
30 ªC 0,6-1,4 1,0 +
37 ªC 0,7-1,5 1,0 v
42 ªC 0,1-0,3 0,1
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Ethanol 6% (v/v) 0,1-1,3 0,9
Wines 0,1-0,6 0,1
Osmotic stress
Oxidative stress
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The phenotypic diversity of 103 S. cerevisiae strains was assessed using 22
+  positive
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v variable, depending on the strain
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Among the 350 S. cerevisiae strains, 171 alleles were found for 10
microsatellite loci; 32 alleles had an allelic frequency above 0.1.
The ten microsatellite markers used revealed a high degree of variability,
being ScAAT1, C5 and YOR267 the most polymorphic markers with 43, 26
and 26 alleles, respectively.
Allele (Nº of repeat)
physiological tests, being 15 used for the conventional identification of yeasts.
For all phenotypic tests, a considerable variation (range of growth) was
observed among the strains.
One and six strains were identified that were capable to consume arabinose
and ribose, respectively (OD > 0.6).
Four strains did not tolerate lower ethanol concentrations (6%, v/v), and five
strains grew even under the stressful conditions of finished wines (12% ethanol,
v/v).
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Our study shows that strains from winemaking environments are genetically variable, demonstrated by the high number of 
microsatellite alleles (171) among 103 strains.
This variation was also apparent for phenotypic traits that are used for conventional yeast identification or for wine yeast 
strain selection. This is supported by the finding of strains with unusual traits such as the capacity to consume arabinose or 
raffinose, or strains that show a very low / very high ethanol tolerance.
Starting from a strain collection with 350 S. cerevisiae isolates, our screening approach was appropriate to find strains with 
less “S. cerevisiae - specific” characteristics. These strains are now being studied using comparative and functional 
genomic approaches.
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